**Core tip:** Our study aimed to investigate human epidermal growth factor 2 (HER2) overexpression and validate its prognostic effect in stage II-III gastric cancer. Clinical data from 384 patients were analyzed. HER2-positive patients had inferior overall survival and recurrence-free survival. Stage II-III HER2-positive patients might be potential candidates for targeted therapies involving trastuzumab.

INTRODUCTION
============

Gastric cancer is the fifth most common type of cancer, and half of all cases worldwide occur in East Asia\[[@B1]\]. In addition, gastric cancer is the third leading cause of cancer-related deaths worldwide\[[@B1],[@B2]\]. In South Korea, gastric cancer is the second most commonly diagnosed cancer after thyroid cancer, and remains the third-leading cause of cancer-related mortality after lung cancer and hepatocellular carcinoma. More than 30000 patients are diagnosed annually in South Korea, and more than 10000 patients die annually\[[@B3]\]. Curative resection is the gold standard of treatment, and systemic chemotherapy prolongs the survival of patients with recurrent or metastatic gastric cancer\[[@B4]\]. However, the 5-year survival rates for advanced or metastatic gastric cancer are only approximately 5%-20%, with a median overall survival duration of \< 1 year. Classically, only cytotoxic agents have been administered for malignant cancer. Recently, however, molecular pathologic research has been widely conducted, and molecular targeted agents have been applied for cancer treatment, leading to personalized treatment. The identification of biomarkers predictive of prognosis and drug responses is an important issue.

One well-established target is human epidermal growth factor receptor 2 (HER2, ERBB2), one of a family of receptors associated with tumor cell proliferation, apoptosis, adhesion, migration, and differentiation. Increasing evidence suggests that HER2 is an important biomarker and key driver of tumorigenesis in gastric cancer, with studies reporting amplification or overexpression in 7%-34% of tumors\[[@B5]-[@B7]\]. Despite conflicting results\[[@B8],[@B9]\], some studies have suggested that HER2 positivity is associated with poor outcomes and an aggressive profile in gastric cancer.

Trastuzumab (Herceptin), a monoclonal antibody that targets HER2, induces antibody-dependent cellular cytotoxicity, inhibits HER2-mediated signaling, and prevents cleavage of the extracellular domain of HER2\[[@B10]\]. In HER2-positive breast cancers, trastuzumab has yielded survival advantages in patients with early and metastatic disease and is now the standard of care. In patients with metastatic breast cancer, high levels of HER2 protein expression and amplification indicate better outcomes with trastuzumab\[[@B11]-[@B14]\].

The antitumor activity of trastuzumab, as observed in human gastric cancer xenograft models, warrants the consideration of its use in clinical treatment regimens for gastric cancer patients in combination with various chemotherapeutic agents\[[@B15]\]. In 2010, the Trastuzumab for Gastric Cancer (ToGA) trial, an international phase 3, open-label, randomized controlled trial, demonstrated a significant survival benefit of trastuzumab plus chemotherapy in patients with advanced gastric or gastro-esophageal junction (GEJ) cancer whose tumors were found to overexpress the HER2 protein *via* immunohistochemistry or gene *via* fluorescence *in-situ* hybridization (FISH). This trial revealed significant increases in overall survival (OS, 13.8 mo *vs* 11.1 mo), progression-free survival (PFS, 6.7 mo *vs* 5.5 mo), and overall response rates (47% *vs* 35%). Furthermore, an exploratory analysis identified that patients with strong HER2 protein expression \[immunohistochemistry \[(IHC) 3(+) or IHC 2(+)/FISH (+)\] were more likely to exhibit improved OS with the addition of trastuzumab (16.0 mo *vs* 11.8 mo)\[[@B16]\]. Subsequently, trastuzumab combined with chemotherapy was established as a standard treatment for HER2-positive gastric cancer patients.

Efforts to improve survival among Korean gastric cancer patients begin with an understanding of the clinical practice patterns actually used in Korean hospitals. This study aimed to investigate the frequency of HER2 overexpression among gastric cancer patients and evaluate the relationship between HER2 overexpression and prognosis.

MATERIALS AND METHODS
=====================

Patient characteristics
-----------------------

We reviewed the data of 4680 patients who were diagnosed with gastric cancer between March 2008 and October 2013 at the Yonsei University Medical Center in South Korea. Among these patients, the inclusion criteria were as follows: (1) histologically confirmed gastric adenocarcinoma; (2) diagnosis between 2006 and 2013; and (3) HER2 expression status evaluation in a primary gastric tumor. Patients with a second primary tumor within 5 years were excluded. A total of 384 patients met the eligibility criteria. We analyzed the data of patients who were initially diagnosed stage II or III on the pathology report (according to the American Joint Committee on Cancer TNM staging, 7^th^ edition). Approximately 15% of the total patient cohort was expected to be HER2-positive based on the proportions and prognostic power of HER2 status\[[@B5]-[@B7]\]. The study was approved by the Yonsei University Health System Institutional Review Board (IRB \#3-2013-0188).

Clinicopathologic parameters
----------------------------

Clinicopathologic parameters were collected from outpatient clinical or admission records, including age, sex, Eastern Cooperative Oncology Group (ECOG) performance status, diagnosis date, curative resection date, adjuvant chemotherapy (regimen and duration), recurrence date, last follow-up date, date of death, histologic subtype, TNM stage, HER2 IHC, and HER2 FISH; information regarding patient survival was obtained from the Korean National Statistics Registry Database.

Outcome variables
-----------------

HER2 overexpression and gene amplification were examined with semiquantitative standardized IHC staining using the DAKO-HercepTest^TM^, silver *in situ* hybridization, and FISH. HER2 IHC results were classified as 0/1+/2+/3+. HER2 positivity was defined as (1) IHC of 3+ or (2) IHC of 2+ with *HER2*-FISH amplification. HER2 negativity was defined as (1) IHC of 0/1+ or (2) IHC of 2+ with no *HER2*-FISH amplification. OS was defined as the duration from gastrectomy to gastric cancer-specific death or the last follow-up. RFS was measured from gastrectomy to recurrence in patients diagnosed with stage II or III gastric cancer.

Statistical analysis
--------------------

All statistical analyses were performed using SPSS version 21.0 (IBM Co., Armonk, NY, United States). For continuous variables, two-tailed Student's *t*-tests were used to compare the demographic and clinical characteristics. The χ^2^ was used for discrete variables. Survival rates and 95%CI were calculated using the Kaplan-Meier method. The influences of covariates on survival length between the two treatment arms were assessed using the log-rank test. A *P* \< 0.05 was considered significant. Significant variables in the univariate analysis were entered in the multivariate analysis using the Cox proportional hazards model. Tumor response was assessed using the Response Evaluation Criteria in Solid Tumors version 1.1.

RESULTS
=======

Demographics and baseline disease characteristics
-------------------------------------------------

A total of 384 patients with HER2 status data were analyzed in this study. The patients' baseline characteristics are described in Table [1](#T1){ref-type="table"}. The median patient age was 61.7 years (range: 28-90 years), and 238 patients (62.0%) were men. Nearly all patients (99.7%) had an ECOG performance status of 0 or 1. Pathologic differentiation was confirmed as well differentiated, moderately differentiated, or poorly differentiated tubular adenocarcinoma, signet ring cell carcinoma, and other in 10 (2.6%), 98 (25.5%), 207 (53.9%), 60 (15.6%), and 9 cases (2.3%), respectively.

###### 

Demographics and baseline characteristics *n* (%)

  **Characteristic**               **Stage II (*n* = 193, II A: 97, II B: 96)**   **Stage III (*n* = 191, III A: 55, III B: 63, III C: 73)**
  -------------------------------- ---------------------------------------------- ------------------------------------------------------------
  Median age (range, yr)           61.27 ± 12.75 (28-90)                          62.21 ± 13.20 (33-86)
  Gender                                                                          
  Male                             124 (64.2)                                     114 (59.7)
  Female                           69 (35.8)                                      77 (40.3)
  ECOG PS                                                                         
  0                                119 (61.7)                                     76 (39.8)
  1                                74 (38.3)                                      114 (59.7)
  2                                0                                              1 (0.5)
  HER2 status                                                                     
  HER2 positive                                                                   
  IHC 3 (+)                        15 (7.8)                                       13 (6.8)
  IHC 2 (+)/FISH (+)               2 (1.0)                                        2 (1.0)
  HER2 negative                                                                   
  IHC 2 (+)/FISH (-)               6 (3.1)                                        4 (2.1)
  IHC 1 (+) or 0                   168 (87.1)                                     169 (88.5)
  IHC not done/FISH (-)            2 (1.0)                                        3 (1.6)
  Pathologic differentiation                                                      
  WD TA                            7 (3.6)                                        3 (1.6)
  MD TA                            54 (28.0)                                      44 (23.0)
  PD TA                            96 (49.7)                                      111 (58.1)
  Signet ring cell carcinoma       33 (17.1)                                      27 (14.1)
  Others                           3 (1.6)                                        6 (3.2)
  T stage                                                                         
  T1                               17 (88.1)                                      0
  T2                               48 (24.9)                                      4 (2.1)
  T3                               90 (46.6)                                      51 (26.7)
  T4                               38 (19.7)                                      136 (71.2)
  N stage                                                                         
  N0                               97 (50.3)                                      1 (0.5)
  N1                               60 (31.0)                                      30 (15.7)
  N2                               33 (17.1)                                      52 (27.3)
  N3                               3 (1.6)                                        108 (56.5)
  Received adjuvant chemotherapy                                                  
  Yes                              141 (73.1)                                     161 (84.3)
  No                               52 (26.9)                                      30 (15.7)

ECOG PS: Eastern Cooperative Oncology Group Performance Status; HER2: Human epidermal growth factor receptor 2; GEJ: Gastroesophageal junction; IHC: Immunohistochemistry; FISH: Fluorescence in situ hybridization; WD: Well differentiated; MD: Moderately differentiated; PD: Poorly differentiated; TA: Tubular adenocarinoma.

HER2 overexpression status was confirmed based on an IHC result of 3+ in 28 patients (7.3%) and based on an IHC of 2+/FISH (+) in 4 patients (1.0%). The HER2 status was confirmed by FISH alone in 5 patients (1.3%).

Clinical outcomes
-----------------

As shown in Table [1](#T1){ref-type="table"}, 32 (8.3%) of the 384 gastric adenocarcinoma patients with stage II to III disease exhibited HER2 overexpression. Seventeen (8.8%) stage II patients and 15 (7.8%) stage III patients had HER2 overexpression.

A high correlation between HER2 expression and the intestinal histologic type has been confirmed in recent studies\[[@B5]\]. Our study showed a higher rate of HER2 overexpression in the intestinal type than in the diffuse type (17% *vs* 2.5%, *P* \< 0.001; Table [2](#T2){ref-type="table"}). In the ToGA trial, HER2 positivity differed significantly by histological subtype (intestinal 34%, diffuse 6%, and mixed 20%)\[[@B16]\]. Moreover, numerous studies have reported that HER2 expression is more common in GEJ cancers than in gastric cancers. Our study found 20% and 9.5% HER2 expression in GEJ and gastric cancers, respectively (*P* = 0.008; Table [2](#T2){ref-type="table"}). These results are similar to those of the ToGA study, in which HER2 positivity was found in 32% and 18% of GEJ and gastric cancers, respectively\[[@B16]\].

###### 

Human epidermal growth factor receptor 2 expression and clinicohistologic characteristics

  **Author**                 ***n***   **Histologic type**   **Localization**   **Method**                                
  -------------------------- --------- --------------------- ------------------ ------------ --------- ---- ----- ------- -----------
  Tanner et al\[[@B6]\]      231       21.5                  2                  5            0.005     24   12    \-      CISH
  Gravalos et al\[[@B23]\]   166       16                    7                  14           0.27      25   9.5   0.01    IHC, FISH
  Lordick et al\[[@B24]\]    1527      34                    6                  20           \-        32   18    \-      IHC, FISH
  Present study              384       17                    2.5                18           \< 0.01   20   9.5   0.008   IHC, FISH

GEJ: Gastro-esophageal junction; CISH: Chromogenic in situ hybridization; FISH: Fluorescence *in situ* hybridization; IHC: Immunochistochemistry.

The median follow-up duration was 26.0 mo (95%CI: 24.9-27.1 mo). In stage II and III gastric cancer patients, HER2-negative patients had improved RFS compared with HER2-positive patients (HR = 0.52, 95%CI: 0.30-0.89, *P* = 0.015, Figure [1A](#F1){ref-type="fig"}). The median OS was significantly prolonged in the HER2-negative group compared with the HER2-positive group (55.0 mo *vs* 38.0 mo, HR = 0.43, 95%CI: 0.21-0.88, *P* = 0.021, Figure [1B](#F1){ref-type="fig"}). We also found that in each stage, HER2-negative patients had a significantly improved OS relative to HER2-positive patients. Stage II HER2-negative patients had improved OS compared to stage II HER2-positive patients, although the difference was not statistically significant (HR = 0.21, 95%CI: 0.05-0.86, *P* = 0.30, Figure [2A](#F2){ref-type="fig"}). In stage III, the median OS was not reached in the HER2-negative group, as compared to 26.0 mo (95%CI: 18.6-33.4 mo) in the HER2-positive group (HR = 0.38, 95%CI: 0.16-0.90, *P* = 0.017, Figure [2B](#F2){ref-type="fig"}).

![Kaplan-Meier survival curves. A: Recurrence-free survival (RFS) and B: Overall survival (OS) based on human epidermal growth factor 2 (HER2) expression in stage II-III gastric cancer patients. HR: Hazard ratio.](WJG-23-7407-g001){#F1}

![Kaplan-Meier survival curves. Overall survival (OS) based on human epidermal growth factor receptor 2 (HER2) expression in A: Stage II and B: Stage III gastric cancer patients. HR: Hazard ratio; CI: Confidence interval.](WJG-23-7407-g002){#F2}

We also analyzed survival based on HER2 expression stratifying by the administration of adjuvant chemotherapy. OS was prolonged in the HER2-negative group in stage II-III patients who received adjuvant chemotherapy relative to the HER2-positive group (55.0 *vs* 38.0 mo, HR = 0.42, 95%CI: 0.18-1.00, *P* = 0.051; Figure [3A](#F3){ref-type="fig"} and B). In stage II-III patients who did not receive adjuvant chemotherapy, the median RFS was prolonged in the HER2-negative group relative to the HER2-positive group (not reached *vs* 12.0 mo, HR = 0.17, 95%CI: 0.06-0.49, *P* = 0.001; Figure [4](#F4){ref-type="fig"}).

![Kaplan-Meier survival curve. Overall survival (OS) based on human epidermal growth factor receptor 2 (HER2) expression in stage II and III gastric cancer patients who received adjuvant chemotherapy. A: Total patients both stage II and III; B: Divided by each stage. HR: Hazard ratio; CI: Confidence interval.](WJG-23-7407-g003){#F3}

![Kaplan-Meier survival curve. Recurrence free survival (RFS) based on human epidermal growth factor receptor 2 (HER2) expression in stage II and III gastric cancer patients who did not receive adjuvant chemotherapy. HR: Hazard ratio; CI: Confidence interval.](WJG-23-7407-g004){#F4}

A univariate analysis of all patients identified HER2 status and ECOG performance status as prognostic factors associated with survival. After adjusting for covariates in a multivariate analysis, HER2 status (HR = 0.421, 95%CI: 0.206-0.861, *P* = 0.018) and ECOG performance status (HR = 2.002, 95%CI: 1.530-2.618, *P* \< 0.001) remained independent predictors of OS (Table [3](#T3){ref-type="table"}).

###### 

Univariate and multivariate analysis showing factors associated with overall survival

  **Variable**            **Univariate**        **Multivariate**                         
  ----------------------- --------------------- ------------------ --------------------- ----------
  HER2 status             0.424 (0.208-0.865)   0.018              0.421 (0.206-0.861)   0.018
  WD-MD *vs* PD-SRC       0.694 (0.374-1.290)   0.248                                    
  Sex                     1.376 (0.821-2.307)   0.226                                    
  ECOG PS                 2.149 (1.648-2.803)   \< 0.001           2.002 (1.530-2.618)   \< 0.001
  Age (\< 65)             1.408 (0.837-2.369)   0.197                                    
  Adjuvant chemotherapy   1.750 (0.978-3.128)   0.059                                    

HR: Hazard ratio; CI: Confidence interval; HER2: Human epidermal growth factor receptor 2; WD: Well differentiated; MD: Moderately differentiated; PD: Poorly differentiated; SRC: Signet ring cell carcinoma; ECOG PS: Eastern Cooperative Oncology Group Performance Status.

DISCUSSION
==========

We showed that HER2-positive patients had worse prognosis compared with HER2-negative patients in stage II and III gastric cancer patients and that HER2 status was independent predictor of OS in multivariate analysis. We also found that only 8.3% of the study patients with stage II and III gastric cancer exhibited HER2 overexpression.

There is no standard post-operative adjuvant chemotherapy in stage II-III gastric cancer patients. To the best of our knowledge, there are few studies about targeted therapies in the adjuvant setting. Although many studies have reported on the outcomes of patients with unresectable or metastatic gastric cancer receiving single or combination chemotherapy\[[@B4]\], it is very hard to improve patient outcomes with chemotherapy alone. For some cancers, targeted therapies have been developed, and several targeted agents have been evaluated for gastric cancer\[[@B17]-[@B19]\]; however, most did not improve survival relative to standard chemotherapy. In contrast, trastuzumab, a recombinant humanized anti-HER2 monoclonal antibody, has been proven effective in the ToGA trial\[[@B16]\]. This agent is now a standard first-line treatment for HER2-positive metastatic gastric cancer in combination with chemotherapy. In addition, predictive biomarkers of trastuzumab response are known. Recently, ramucirumab yielded impactful results in refractory gastric cancer patients\[[@B20],[@B21]\]; however, predictive markers for this agent have not been validated.

This study aimed to investigate prognosis based on HER2 status in stage II-III gastric cancer patients. Our study showed that evaluation of the predictive biomarker HER2 was too infrequent among gastric cancer patients. We reviewed medical records from 4680 patients but only found 834 patients with HER2 status information. In other words, only approximately 18% of patients underwent HER2 status testing. Most stage IV gastric cancer patients were tested, but most stage II and III patients (*i.e*., those with early or operable gastric cancer) were not tested. Generally, HER2 status is only tested if, following complete resection, gastric cancer recurs. This leads to a significant loss of time. If cancer pathology samples are no longer available, rebiopsy of the recurrent lesion is needed. Therefore, all gastric cancer patients should undergo early HER2 status testing, irrespective of the initial stage.

The carcinogenic role of HER2 in gastric cancer has been investigated. Although the results of the studies have been conflicting, many studies demonstrated that HER2 protein overexpression negatively affects survival in gastric cancer patients\[[@B5]-[@B7]\]. Our study also showed that HER2 positivity was an independent factor predictive of OS in a multivariate analysis. We observed a 57% reduction in the risk of death in this study in HER2-positive patients.

The current study analyzed survival according to HER2 status. In stage II-III disease, regardless of stage, the median OS was significantly better among HER2-negative patients than among HER2-positive patients. The RFS was also improved among HER2-negative patients with stage II-III disease than among corresponding HER2-positive patients. Most patients initially diagnosed with stage II-III disease undergo gastrectomy and are treated with adjuvant chemotherapy to reduce the risk of recurrence. However, the benefit of adjuvant chemotherapy is not convincing. Each patient treated with adjuvant chemotherapy incurs different effects. Trastuzumab was first developed as a targeted agent for HER2-positive breast cancer. Many of the clinical trials that demonstrated clinical efficacy and safety were conducted in a HER2-positive breast cancer adjuvant setting. Accordingly, trastuzumab is currently a component of a standard adjuvant therapy regimen for HER2-positive breast cancer that also includes chemotherapy. We suggest that trastuzumab or other humanized monoclonal antibodies might play a similar role in an adjuvant setting in patients with stage II-III HER2-positive gastric cancer. Although some experimental studies have been conducted\[[@B22]\], and further studies are required.

In our study of Korean patients with gastric adenocarcinoma, the frequency of HER2 protein overexpression was similar to that reported in other articles. Our findings show that HER2-positive gastric cancer patients have an inferior OS and RFS compared to HER2-negative patients. We suggest that stage II-III patients exhibiting *HER-2/neu* amplification might be potential candidates for new adjuvant therapies involving the use of humanized monoclonal antibodies. These results will provide essential data for evidence-based strategies of gastric cancer control in South Korea.

COMMENTS
========

Background
----------

One well-established target is human epidermal growth factor receptor 2 (HER2, ERBB2), one of a family of receptors associated with tumor cell proliferation, apoptosis, adhesion, migration, and differentiation. Increasing evidence suggests that HER2 is an important biomarker and key driver of tumorigenesis in gastric cancer, with studies reporting amplification or overexpression in 7%-34% of tumors. Despite conflicting results, some studies have suggested that HER2 positivity is associated with poor outcomes and an aggressive profile in gastric cancer.

Research frontiers
------------------

In 2010, the Trastuzumab for Gastric Cancer (ToGA) trial, an international phase 3, open-label, randomized controlled trial, demonstrated a significant survival benefit of trastuzumab plus chemotherapy in patients with advanced gastric or gastro-esophageal junction cancer whose tumors were found to overexpress the HER2 protein *via* immunohistochemistry or gene *via* fluorescence *in-situ* hybridization (FISH). This trial revealed significant increases in overall survival, progression-free survival, and overall response rates. Efforts to improve survival among Korean gastric cancer patients begin with an understanding of the clinical practice patterns actually used in Korean hospitals. This study aimed to investigate the frequency of HER2 overexpression among gastric cancer patients and evaluate the relationship between HER2 overexpression and prognosis.

Innovations and breakthroughs
-----------------------------

The authors showed that HER2-positive patients had worse prognosis compared with HER2-negative patients in stage II and III gastric cancer patients and that HER2 status was independent predictor of OS in multivariate analysis. OS was also prolonged in HER2-negative patients who received adjuvant chemotherapy compared to HER2-positive patients. In patients who did not receive adjuvant chemotherapy, the median RFS was prolonged in the HER2-negative group compared to the HER2-positive group. In a multivariate analysis, HER2 status and Eastern Cooperative Oncology Group performance status were independent predictors of OS. The study also showed that evaluation of the predictive biomarker HER2 was too infrequent among gastric cancer patients.

Applications
------------

The findings show that HER2-positive gastric cancer patients have an inferior OS and RFS compared to HER2-negative patients. The authors suggest that stage II-III patients exhibiting *HER-2/neu* amplification might be potential candidates for new adjuvant therapies involving the use of humanized monoclonal antibodies. The authors suggest that trastuzumab or other humanized monoclonal antibodies might play a similar role in an adjuvant setting in patients with stage II-III HER2-positive gastric cancer. These results will provide essential data for evidence-based strategies of gastric cancer control in South Korea.
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